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Summary 


Changes in soil profile morphological characteristics related to stand 
age of Scots pine, on well drained recent active eolian sand dunes, were 
found to be closely correlated with a number of relevant soil chemical 
and soil physical properties. 

The conductivity (Ec) of water extracts within the various horizons 
decreases with time and depth. A sharp boundary exists between the 
organic horizons with high Ec values and mineral horizons with relatively 
low Ec values. This Ec pattern has a striking coincidence with the dis- 
tribution of rootmass and thus with the uptake of nutrients in time and 
space, by Deschampsia flexuosa. The various pH curves clearly indicate 
that a steady state equilibrium is not yet reached within the upper organic 
horizons and that in near future pH values will further decrease. 

The decrease of C/N ratio of the organic horizons with time must be 
ascribed to the resultant of a) residual accumulation of primary organic 
matter with high C/N values and b) the overruling effect of fixation of 
nitrogen in secondary newly formed organic substances with relatively 
low C/N ratio. 
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Introduction 


As described in the paper "Studies on organic profiles I" morphological 
properties of organic profiles under Pinus sylvestris stands in the 
Hulshorsterzand were found to change strongly in time and to be closely 
related to the age of these stands, which form a vegetation succession. 

Although the characteristics of organic profiles are related to vege- 
tation succession, it is clear that the profile itself exerts considerable 
influence on the nature of the succession of (semi) natural vegetation. 
Most seeds for example, germinate in the organic horizons and changes 
in ecological conditions within these horizons will have effect on their 
germination. Of particular interest is therefore what changes occur in 
physical and chemical properties of organic profiles and for what reasons 
and, furthermore, how plants react on these changes. 

One of the aims of our research on organic profiles is to establish 
whether a relation exists between the morphological properties, as ob- 
served in the field, and the ecological characteristics. Some results 
of such research in the Hulshorsterzand are presented here. 

In order to prevent confusion the terms used in this paper for the 
description of organic matter will be briefly elucidated. "Biomass" com- 
prises all organic matter present in the profile and consists of living 


85 


organic matter (fauna, flora and roots) and of dead organic matter. The 
latter comprises the litter and all kinds of transformed organic material, 
generally referred to as humus. Several authors use the therm humon for 
the dead organic matter in the soil profile and, in analogy, the term 
"humomass" is used. 


Analyses and results 


In each of the Pinus sylvestris stands (30, 55, 90 and 130 years old) 

one soil profile has been sampled. To cope with the internal variability 
of the different stands and the related variability in soil properties, 
sampling sites were located under the middle of the largest branch of a 
tree. Care was taken to sample sites with similar exposition and geo- 
morphology. The profiles thus selected, with respect to their morphology, 
strongly resemble the "standard profile" of the stand. Organic horizons 
were sampled by collecting all material within a square, of which the 
surface area is known, thus enabling the calculation of their bulk density 
and dry weight per unit surface area. Mineral horizons were sampled by 
normal methods (bulk samples and pF rings). 


The following analyses have been carried out: 

Total biomass of the organic horizons (figure 1) and within each horizon: 
Biomass and rootmass, pH (H20) and pH (CaCl) in 1:5 solutions (figure 4), 
conductivity (Ec 259 C) and’ dissolved NH,+ Bnd NO3- in 1:10 extracts of 
organic horizons and conductivity (Ec 250C) in 1:2 extracts of mineral 
horizons. Total nitrogen and carbon of the organic matter (figure 7) and 
loss of weight by 500°C. 


Discussion 


In figure 1 total biomass of the profiles analyzed is plotted against 
the age of the stands. The curve flattens after 90 years, which implies 
that the accumulation of organic matter slows down after this period. 
The decrease in biomass accumulation after 90 years, in so far as biotic 
factors are concerned, can be due to l) changes in the quality and 
quantity of the litter input, and 2) changes in the quality and quantity 
of the biomass input by roots. 

As can be seen in figure 2, biomass expressed in kg/m? and horizon 
thickness in cm, the biomass of the litter horizon is rather constant or 
even slightly increases, which indicates that quantity of litter input 
remains rather constant. Its quality, which is reflected by the C/N ratio 
of the litter, ranging from 30 in the youngest stand, via 30 and 29, to 
28 in the oldest stand, seems rather constant too, see figure 7. Apparent- 
ly, changes in the input of biomass by roots and their quality are at 
least partly responsible for the decrease in biomass accumulation after 
90 years. This is strongly supported by the analytical data, as will be 
discussed below. 

Rootmass of each horizon in g/m? together with biomass in kg/m2 is pre- 
“sented in figure 3a. The density (I) of the rootmass, for Fa and Fq 
horizon, expressed as the ratio rootmass/biomass versus age is presented 
in figure 3b. It must be stated that, for some L horizon, the separation 
of herbal vegetation from the rootmass is problematic. The high rootmass 
of such horizons is partly due to these problems and therefore not plot- 
ted in figure 3b. 

The overall rootmass of the organic profiles, table 1, shows that, 
within the organic profile, an optimal rootmass within the whole soil 
profile occurs in the 55 and 90 years old stand, and that rootmass 
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Fig. 1. Total accumulated biomass (kg/m2) of four profiles under Pinus 


sylvestris, related to the age of the stands. 
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Fig. 2. Biomass (kg/m2) and depth (cm) of the different organic horizons 


within four profiles under Pinus sylvestris, related to the age of the 


stands. 
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Fig. 3a. Biomass (kg/m?) and rootmass (g/m?) of the different organic 


horizons within four profiles under Pinus sylvestris, related to the age 
of the stands. 
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Fig. 3b. Rootindex (I) : Rootmass/biomass of the Fq and Fa horizon related 
to the age of the Pinus sylvestris stands. 
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spectacularly decreases in the 130 year old stand. 


Table 1. The overall rootmass of the organic profiles. 


30 years 135 g/m2 
55 years 754 g/m? 
90 years 762 g/m2 
130 years 289 g/m2 with a relatively high rootmass in the B horizon 


The distribution of rootmass over the different horizons, figure 3a, 
shows that the depth of the optimal rootzone increases with time. With 
regard to the individual horizons, the pattern in the Fq horizon is most 
striking. As can be seen from figure 3b and table 2 root density within 
the Fq horizon varies the most. Root density as well as rootmass increases 
with age until approximately 90 years. After that period, within the Fq 
horizon, rootmass decreases and biomass strongly increase. Roots, in the 
130 years old stand, are randomly distributed through the Fq, Fa, Hr and 
mineral horizons. 


Table 2. Rootmass and biomass of the Fq horizon. 


age of stands 30 55 90 130 years 
rootmass Fq horizon 29 170 3738 "2339 a/m3 
biomass Fq horizon 823 1323 1819 8944 g/m 


The vitality of the dominant herb, Deschampsia flexuosa, in the 90 years 
old stand has already diminished and this herb, in the 130 years old stand, 
is replaced by a much more varied herb vegetation with abundant Empetrum 
nigrum. This coincidence, in the Hulshorsterzand is striking! 

To which extent the change in vegetation can be ascribed to a gradual 
change in organic profile characteristics, in favour of the development 
of a more varied and deeper rooting herbal vegetation, or is an autono- 
mous process in the vegetation is not clear. However, the chemical data, 
to be discussed later on, are strongly in favour of the first. 

The statistical analyses of the field data (see table 3) confirm the 
tendencies observed in the profiles analyzed. This table shows the root 
abundance at random sites within the five different stands in the Huls- 
horsterzand. The classes represent counts of roots within a fixed area 
(Klinka, 1981). 


Table 3. Roots abundance. no=none/ fe=few/ co=common/ ab=abundant 


15 30 55 90 130 year 
L fe fe fe fe fe 
Fq fe fe co/ab ab ab 
Fa no co co co ab 
H co co 
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Fig. 4. pH (H20) and pH (CaCl) of the various horizons within four 
profiles under Pinus sylvestris, related to the age of the stands. 
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Fig. 5. Log Ec 25°C plotted against horizon depth of the various horizons, 


of the four profiles under Pinus sylvestris, related to the age of the 


stands. 
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Fig. 6. Ec 25°C plotted against NH,* concentration (umol/1) of the various 
horizons, of the four profiles under Pinus sylvestris, related to the age 
of the stands. 
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Fig. 7. C, N (weight %) and C/N ratio's of the various horizons, of the 
four profiles under Pinus sylvestris, related to the age of the stands. 
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The conductivity (Ec) is a measure for the availability of nutrients 
to plantgrowth. It is dependent on the mineralization and humification of 
organic matter. Figure 5 clearly shows a decrease of Ec with depth and 
a sharp boundary between the organic horizons, with relatively high Ec 
values, and the mineral horizons with relatively low Ec values. These 
figures illustrate that within the soil profiles two totally different 
zones exist: The organic zone with a high rootmass (uptake of nutrients) 
and the lower mineral zone. This chemical zonation is reflected, in the 
field, by sharp boundaries between the mineral and organic horizons. 

As stated before, the C/N values of the litter horizons are rather 
invariable, However, the differences in Ec 25 values between the various 
litter horizons suggest that some changes in the chemical composition of 
the litter occur. This can be expected in view of the changing composition 
of the herbal layer. 

In figure 6, the Ec 25°C is plotted against NHy* concentration in mmol/ 
liter. It clearly shows that Ec is positively correlated with the NH4* 
concentration. NO3- is low and slightly increases with depth to a maximum 
of 16 micromol/liter within the B and C horizon. In these horizons the 
ratio NHy */NOz- roughly equals one. The data indicates that mineralization 
of aroanee arter results in the production of NH3, which reacts with H+ 
to NHyt. This explains the relatively high pH and Ec of the litter horizons, 
see figure 4. The uptake of NH,+ by roots, together with nitrification 
(relatively insignificant), produces H* ions. This uptake happens in the 
lower ‘organic horizons (see root distribution discussed above) and results 
in lowered pH and Ec values of these horizons (see figure 4 and 5). 

In the mineral soil pHincreases with depth, as can be expected because 
of its low rootmass, its balanced NH,*/NO5 - ratio and its acid buffering 
capacity. 

Figure 4 shows the change of pH within similar horizons, related to the 
age of the stands. The curves clearly indicate that a steady state 
equilibrium is not yet reached and that in near future pH values of the 
upper organic horizons will further decrease. The coincidence of the 
relatively strong decrease in pH and the disappearance of Deschampsia 
flexuosa between approximately 90 and 130 years, indicates that further 
acidification strongly reduces competitive vigour of Deschampsia! 

An interesting phenomenon within the Fq horizon is the positive cor- 
relation between the Ec 25 and the C/N ratio, which decrease with in- 
creasing age of the stand (see figure 8). In the 30 year old stand 
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Fig. 8. The relation between C/N ratio and Ec 25 within the Fq horizons 
related to the age of stands. 
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biological and root activity is low; fixation of nitrogen within newly 
formed organic material therefore must be in time, as biological and 
root activity increases, nitrogen fixation increases proportionally. The 
overall result is a decrease in the C/N ratio. The concurrent decrease 
in Ec, as stated before, must be ascribed to the uptake of nutrients by 
the vegetation and by newly formed humic substances. 

These conclusions are in accordance with data on droppings abundance of 
random sampled soils within the different stands (table 4). Droppings 
abundance is known to be correlated with biological activity and thus 
with the uptake of nutrients. Droppings abundance clearly shows an in- 
crease in faunal activity in the Fq, Fa and H horizon with time as well 
as from the upper to the lower horizons. 


Table 4. Droppings abundance. no=none/ fe=few/ co=common/ ab=abundant 


15 30 55 90 130 year 
J. fe no/fe no no no 
Fq fe fe/co fe fe fe/co 
Fa fe co fe/co co co 
H ab ab 


Conclusions 


Changes in profile morphological characteristics were found to be 
closely correlated with a number of relevant soil chemical and soil 
physical properties. These properties are indicative for the nutrient 
cycling and uptake and for the mineralization and humification of 
organic matter. Most indicative appeared to be the root system and the 
faunal activity in the soil. These are frequently neglected in pedological 
and biological studies. 

Field surveys on root systems, faunal activities and related soil pro- 
perties were found to be usefull to establish the changes in the ecological 
conditions in soils within a vegetation succession, These may provide the 
essential basis for an ecological organic profile classification. 
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